Safety Problems in Crowded Underground Space in Beijing  by Yao, Yong et al.
 Procedia Engineering  45 ( 2012 )  763 – 767 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.236 
2012 International Symposium on Safety Science and Technology 
Safety problems in crowded underground space in Beijing 
YAO Yong, ZHANG Jiangshi*,TAO Jia, HE Panpan, GAO Shushan 
Faculty of Resource & Safety Engineering, China University of Mining and Technology, Beijing 100083, China 
Abstract 
Safety problems are serious in urban underground space. Take traffic and commercial entertainment underground space in Beijing as 
examples, the paper studies traffic accidents and fire disaster in Xizhimen subway station, Zhongyou and Juntai department store, and 
finds in Xizhimen subway station the crowd speed are 0.7m/s at early and late peak on Monday and Friday, and 0.8m/s at early peak on 
Saturday, and others is 0.9m/s; the population flow are about 6.4 people/s at early peak and 4.5 at late peak on Monday and Friday, which 
are larger than on Saturday (4.8, 3.4); the crowd density are about 3.0 people/m2 at early peak and 1.9 at late peak on Monday and Friday, 
which are larger than on Saturday (1.9, 1.3); the ratio of grabbing up and down the train are 3.19% and 2.01% at late peak on Monday and 
Friday respectively. Traffic accidents are trample disaster, fall into orbit, and up and down the door strongly. This paper also finds the 
layout of security export marks and fire-fighting equipments are unreasonable, and mechanical and electrical failure or load irregularly are 
exist in Zhongyou and Juntai department store, and there would happen trample disaster, drop, and collision. According to these findings, 
increasing the number of trains, staff and the radio notice frequency should be taken, which would reduce traffic accidents in the traffic 
space; Setting safety export (escape) arrow marks and fire distinguisher reasonably and ensuring its numbers, using public fire 
extinguisher boxes and fire extinguishers, repairing and maintaining mechanical and electrical facilities regularly, and riding with civility 
should be taken to decrease accidents in commercial entertainment underground space, which are of certain significances to decrease and 
prevent safety problems in crowded underground space.. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
Urban underground space would cause serious disasters (casualties or economic losses) for its concealment, sealing, and 
below the ground elevation [1], such as "matsa" flood disaster leading to Shanghai subway line 4 happened piping collapse 
accident, and Daegu subway line 1 happening arson in South Korea. Thus, this paper has some important meanings to 
research safety problems in crowded underground space. 
Resource types can be divided into traffic space, commercial entertainment space, production space, business space, 
logistics spatial space and storage space according to the use of urban underground space [2]. Disaster types mainly 
included fire disaster, air and environment, construction accident, explosion accident, traffic accident, flood, crime and 
surface subsidence, etc [3-5]. According to literatures, we knew Urban rail traffic accidents had its characteristic, and could 
be prevented [6]; Affecting subway safety operation factors were persons, vehicles, rail line, power supply, signal and social 
disasters [7-11]; Fire mechanism and disaster prevention were always hot problems in international underground space, 
tunnel science, and fire research field; Studies on subway emergency evacuation problems focused on: based on subway fire 
personnel evacuation research in the smoke movement, effective alarm system and evacuation facilities research, etc [12-
13]. 
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2. Objects and methods 
Traffic space (the subway station) and selecting indexes. Xizhimen transfer station was chose as a research object. This 
article selected Monday, Friday, Saturday as research days in a working day cycle, and the time chose three periods when 
accidents happened easily, that was, the early peak was 7:30 to 8:30, the middle was 13:00 to 14:00, the late was 18:00 to 
19:00, and every 20 minutes measured one time, and the location selected D stair of line 4 turning to line 2. Observation 
indexes chose the crowd speed, the population flow, the crowd density, the ratio of grabbing up and down the train and 
stepping over yellow line. 
Commercial entertainment space (the underground mall) and selecting indexes. This paper researched Zhongyou and 
Juntai department store in Xidan Street. Security problems chose the layout of safety export marks and fire-fighting 
equipments whether reasonable, and the escalator safety accidents. 
3. Results and discussion 
3.1. Safety accidents in underground traffic space 
In order to compare different characteristics better among Monday, Friday and Saturday, research data are presented in 
Table 1 after processed. 
Table 1. Research data from each index on Monday, Friday and Saturday 
 
Crowd 
speed 
/m/s 
Population 
flow 
/people/s 
Crowd 
density 
/people/m2 
The number of grabbing up 
and down the train /the total 
number  
The ratio of 
grabbing up and 
down the train/% 
The ratio of 
stepping over the 
yellow line /% 
Monday 
The early peak  0.7 6.4 3.0 7/1250 0.56 0 
The middle 
peak 
0.9 2.1 1.2 7/959 0.73 0 
The late peak 0.7 4.5 1.8 23/722 3.19 0 
Friday 
The early peak  0.7 6.2 2.9 12/1061 1.13 0 
The middle 
peak 
0.9 2.7 1.4 7/695 1.01 0 
The late peak 0.7 4.2 1.9 15/746 2.01 0 
Saturday 
The early peak  0.8 4.8 1.9 5/981 0.51 0 
The middle 
peak 
0.9 3.3 1.6 2/960 0.21 0.21 
The late peak 0.9 3.4 1.3 4/834 0.48 0 
 
According to Table 1, this paper gets subway crowd speed histogram, population flow histogram, crowd density 
histogram, and the ratio of grabbing up and down the train histogram at early, middle and late peak on Monday, Friday and 
Saturday respectively.  
1) Subway crowd speed histogram 
From Fig 1,we can see: on Monday and Friday, the crowd speed at early and late peak are 0.7m/s, which are lower than 
the middle's (0.9), and the two days' histogram are almost the same at three periods; at early peak on Saturday, it is 0.8m/s, 
which is higher than the corresponding period of Monday and Friday, and the middle is almost the same with Monday and 
Friday, and late is 0.9m/s, which is higher than the corresponding period of Monday and Friday. 
(1) On Monday and Friday, the crowd speed at early and late peak are lower, because they are a duty time with a large 
population flow and crowded station, which lead to low speed; at middle, the flow is smaller, and the crowd is evacuated, 
which lead to high speed; 
(2) Monday and Friday's histogram are almost the same, probably because Monday and Friday are working days, and 
people have to work normally, and the routes to company are usually fixed (except special circumstances); 
(3) On Saturday, the speed at early peak is higher than the corresponding period of Monday and Friday, this may be 
because Saturday is a rest day, some tired people usually choose this period to rest, so the station population flow decreases, 
and the crowd is evacuated, which lead to high speed relatively;  
(4) On Saturday, the speed at middle peak is almost the same with the corresponding period of Monday and Friday, 
probably because some people are at home, which leads to the population flow small and makes no difference with Monday 
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and Friday; the late is higher, possibly because people don't go home hastily as usual, thus it distracts the population flow at
late peak. 
2) Subway population flow histogram 
From Fig 2, we can see: On Monday, Friday and Saturday, the population flow at early (6.4, 6.2, 4.8) and late (4.5, 4.2, 
3.4) peak are larger than the middle (2.1, 2.7, 3.3), and the histogram are almost the same at three periods on Monday and 
Friday; In this three days, the flow at early peak are larger than the late; Although the flow at early peak on Saturday (4.8) is
smaller than the Monday's (6.4) and Friday's (6.2), but still very high, and the flow at late peak (3.4) is smaller than the 
corresponding period of Monday (4.5) and Friday (4.2). 
(1) On Monday, Friday and Saturday, the population flow at early and late peak are larger than the middle, this may be 
because people need to work in the morning and go home in the evening (go out at weekend), thus the flow is larger; 
Monday and Friday's histogram are almost the same, but on Monday, the flow at early and late peak are slightly larger than 
on Friday, this may be relate to working days' beginning and ending and working enthusiasm; 
(2) At early peak, the flow are larger than the late in three days, possibly because people have a same work time in the 
morning, while a closing time from work may be influenced by the situation of one day assignment completed, which would 
distract the flow at late peak; 
(3) On Saturday, the flow at early peak is smaller than on Monday and Friday's, but still very high, probably because 
some people want to work, and others go out to play or choose resting at home, which distract parts of flow, but still very 
high; the late is smaller, and the reason is the same with (4) in crowd speed histogram. 
3) Subway crowd density histogram 
From Fig 3, we can see: On Monday and Friday, the crowd density at early (3.0, 2.9) and late (1.8, 1.9) peak are larger 
than the middle (1.2, 1.4), and the early peak's are larger than the late, and the two days' histogram are almost the same; the
histogram has a descending trend in each period on Saturday (1.9, 1.6, 1.3), and the density at early (1.9) and late (1.3) peak
are smaller than the corresponding period of Monday (3.0, 1.8) and Friday (2.9, 1.9), while the middle is larger (1.6, 1.2, 
1.4). 
(1) On Monday and Friday, the crowd density at early and late peak are larger than the middle, the reason is the same 
with (1) in population flow histogram; the crowd density at early peak are larger than the late, and the reason is the same 
with (2) in population flow histogram; the two days' crowd density histogram are almost the same, probably because they 
are the working days; 
(2) On Saturday, the density at early and late peak are smaller than the corresponding period of Monday and Friday, the 
reason is the same with (3) in population flow histogram; and the crowd density has a descending trend in each period, there 
are some differences with above, possible reason is that there may be several errors between the measured data obtained and 
the actual data. 
4) The ratio of grabbing up and down the train histogram 
Fig 4 shows that: the ratio of grabbing up and down the train at late peak on Monday (3.19%) and Friday (2.01%) are 
higher than the others basically, and on Saturday (<0.5%), they are lower than the corresponding period of Monday (>0.5%) 
and Friday (>1%). 
(1) The ratio at late peak are higher than the others basically, especially on Monday and Friday, this may be because the 
population flow at late peak is also large compared to the early, each train has some space, which creates an opportunity to 
grab up and down the train; And at middle peak, the flow is smaller, thus the ratio is lower than the late; 
(2) On Saturday, the ratio are lower than the corresponding period of Monday and Friday, probably because it is a rest 
day.  
5) The ratio of stepping over yellow line 
From Table 1, the ratio of stepping over yellow line are 0 basically, except at middle peak on Saturday, it is 0.21%. 
(1)The ratio are 0 basically, probably because people are afraid to step over the line because the number of staff is 
increasing who maintain security orders and safety reminding.  
(2) On Saturday, it is 0.21% at middle peak, probably because the population flow is smaller relatively, and the number 
of staff reduces, so people have a chance to step over the line, but it is contingency. 
According to above indexes and histograms, subway crowd speed histogram (Fig 1), population flow histogram (Fig 2), 
and crowd density histogram (Fig 3) are almost the same in three periods on Monday, Friday and Saturday, except for 
crowd density histogram on Saturday. Large population flow and crowd density, crowded station, not enough staffs, wait for 
a long time, in addition, the broadcast announcement not in time, which make trample disaster and fall into orbit happened 
easily; On Monday and Friday, the ratio of grabbing up and down the train at late peak are very large, and up and down the 
door strongly is easily happening clipped by door; In addition, mechanical and electrical or signal faults, human factors or 
terrorist attacks could also lead to fire, train derailed and collided, explosion, power failure, gas, crime and other security
accidents.
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Fig. 1. Crowd speed histogram in subway station.                                       Fig. 2. Population flow histogram in subway station. 
      
Fig. 3. Crowd density histogram in subway station.                                    Fig. 4. Ratio of grabbing up and down the train histogram in subway station. 
3.2. Safety accidents in commercial entertainment underground space 
Zhongyou department store's clothing area hasn't safety export arrow marks, except for the Food area about 6 meters 
having one. In addition to public fire extinguisher boxes which about every 27 meters has one in clothing area, each store 
has own fire extinguishers, at least 1 place, at most up to 5 places, and each place having 1-3 fire extinguishers. Through 
investigating 9 stores, the layout of fire extinguisher has 22% of stores unreasonable, and 22% of stores having a half 
unreasonable, and 56% of stores reasonable. 
Juntai department store's safety export arrow marks about 5-13 meters have one, fire extinguisher boxes belong to each 
store about 8-15 meters having one, and all stores don't have their own fire extinguishers.  
From the above, the causes are a lot for placing fire extinguishers unreasonable. some fire extinguishers are occluded (by 
pot, clothes, and show stand), and some are placed in the locker room, and some is not easy to take (surrounded by 
cylindrical frame)and so on, which could delay fire fighting and escape time and expand accidents consequences. Public fire 
extinguisher boxes may also delay fire fighting time. People usually choose the escalator to up and down which could 
happen trample disaster, drop, collision because of mechanical and electrical failure or load irregularly. 
3.3. Suggest 
(1) In each period, especially at early and late peak in working days, subway station should increase the number of trains, 
staff and the radio notice frequency to reduce traffic accidents; 
(2) In commercial entertainment underground space, department stores should be setting safety exports (escape) arrow 
marks reasonably, catching people's eyes, collocating fire distinguisher reasonably, taking it easily and not far away, 
ensuring its numbers, and using public fire extinguisher boxes and fire extinguishers; 
(3) Department stores should also do well in repairing and maintaining mechanical and electrical facilities regularly and 
propagandizing safety knowledge widely to prevent escalator accidents. 
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4. Conclusions 
(1) In Xizhimen subway station, the crowd speed are 0.7m/s at early and late peak on Monday and Friday, while 0.8m/s 
at early peak on Saturday, and others are 0.9m/s; the population flow are about 6.4 people/s at early peak and 4.5 at late 
peak on Monday and Friday, which are larger than on Saturday (4.8, 3.4); the crowd density are about 3.0 people/m2 at 
early peak and 1.9 at late peak on Monday and Friday, which are larger than on Saturday(1.9, 1.3); the ratio of grabbing up 
and down the train are 3.19% and 2.01% at late peak on Monday and Friday respectively; 
(2) There would be happening trample disaster at the stairs and falling into orbit on the platform easily at early and late 
peak on Monday and Friday, and at early peak on Saturday; And on Monday and Friday, the ratio of grabbing up and down 
the train at late peak are very high, and up and down the door strongly is easily happening clipped by door;  
(3) In each period, especially at early and late peak in working days, the subway station should increase the number of 
trains, staff and the radio notice frequency to reduce traffic accidents; 
(4) In commercial entertainment underground space, department stores should be setting safety exports (escape) arrow 
marks reasonably, collocating fire distinguisher reasonably and ensuring its numbers, and using public fire extinguisher 
boxes and fire extinguishers. 
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